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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including tine fee set 
forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on March 
23, 2009 has been entered. 

Claim Rejections - 35 USC §103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1,4,5 and 11-12 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Takeshi et al. (Abstract JP81 86235, previously presented) in view of 
Mirkarimi et al. '094. 

a. Regarding claims 1 , 4 and 5, Takeshi et al. discloses a method of 
producing a semiconductor device incorporating a capacitor structure that 
includes a ferroelectric thin film, comprising: forming, on a single crystalline 
substrate (figure A, memory capacitor part 10) having a surface suited for 
growing thereon a thin film layer of ferroelectric single crystal having a plane 
(111), an electrically conducting thin film that will form one electrode of the 
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capacitor on tlie single crystalline substrate; forming a ferroelectric thin film 
containing Pb (PbZrTiOs layer 6); wherein the single crystalline substrate has a 
plane (1 1 1 ) on which the ferroelectric thin film is to be formed, or a single 
crystalline substrate having an offset angle from the plane (1 1 1 ) is used (the 
substrate would inherently have either a (1 1 1 ) plane or another plane that is 
offset from the (111) plane); and part of a circuit of a semiconductor device 
(metal bumps 1), to thereby fabricate a single crystalline substrate having the 
ferroelectric thin film containing Pb and the part of the circuit of the 
semiconductor device; and bonding the single crystalline substrate to another 
substrate (transistor part 20) on which another circuit of the semiconductor 
device has been formed in advance, to couple the two circuits together to thereby 
obtain a semiconductor device incorporating a capacitor structure that includes a 
ferroelectric thin film (figure B). 

Takeshi et al. does not explicitly disclose the ferroelectric thin film to be a 
single crystalline film formed epitaxially with a plane (1 1 1 ) in parallel with the 
surface of the substrate. Mirkarimi et al. teaches a ferroelectric memory device 
wherein a single crystalline ferroelectric thin film (claim 16, ferroelectric material 
has rhombohedral unit cell, thus single crystalline) is formed epitaxially with a 
(111) orientation parallel with the surface (col. 4, lines 17-19, (111) PZT grown on 
(111) Pt, thus considered epitaxial due to taking the form of the substrate 
underneath). It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use the (1 1 1) oriented single crystalline thin film 
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of Mirkarimi et al. as the thin film of Takeshi et al. One would have been 
motivated to do this because Mirkarimi et al. taught that the (111) orientation of 
PZT minimized the electromechanical coefficient of the material, thus minimizing 
physical distortion of the layer and preventing damage to the memory device 
(Mirkarimi et al., col. 1, lines 14-35 and col. 2, lines 20-28). 
b. Regarding claims 1 1 and 1 2, Takeshi et al. discloses all of the elements of 
the claims as set forth in paragraph 3a above, but the reference does not 
explicitly disclose the substrate to comprise single crystalline silicon having a 
plane {111}, {100} or offset from {1 1 1} or {100}. Mirkarimi et al. teaches the use 
of a silicon substrate, which would inherently have a plane {111}, {100} or offset 
from {111} or {100}. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the substrate of Mirkarimi et al. in the method of 
Takeshi et al. because single crystalline silicon was a well known, conventional 
substrate used in semiconductor manufacturing due to its process compatibility 
and low cost. 

4. Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over Takeshi 
et al. (Abstract JP81 86235) in view of Mirkarimi et al. '094, and further in view of 
Adkisson et al. '202. 

Takeshi et al. in view of Mirkarimi et al. teach all the elements of the claim as set 
forth above, and Takeshi et al. also discloses patterning the thin film layer to thereby 
form isolated ferroelectric thin films of a predetermined shape on the single crystalline 
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substrate, forming one electrode of a capacitor of a predetermined shape positioned on 
the ferroelectric thin film, but the references do not explicitly disclose removing the 
single crystalline substrate to expose the ferroelectric thin film, and forming another 
electrode of the capacitor on the ferroelectric thin film that is exposed. 

Adkisson et al. teaches a method of forming a ferroelectric capacitor device 
wherein a ferroelectric thin film (fig. lb, 30) is formed on a single crystalline substrate 
(24), the single crystalline substrate is bonded to another substrate having a circuit 
formed in advance (fig. la, 10; fig. 1c), and the single crystalline substrate is removed 
(fig. Id). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to remove the single crystalline substrate in the method of Takeshi 
et al. in view of Mirkarimi et al. as taught by Adkisson et al. One would have been 
motivated to do this because removing the single crystalline substrate allowed the top of 
the ferroelectric device to be contacted by an electrode and connected to peripheral 
circuitry, thus allowing the device to perform its intended function. 
5. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Takeshi 
et al. (Abstract JP81 86235) in view of Mirkarimi et al. '094, and further in view of Kim et 
al. '371. 

Takeshi et al. in view of Mirkarimi et al. teach all the elements of the claim as set 
forth above, but the references do not explicitly disclose the substrate to be MgO or 
SrTiOs. Kim et al. discloses a ferroelectric capacitor device wherein the substrate is 
MgO (fig. la, 1 1). It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use the MgO substrate of Kim et al. in the method as 
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taught by Takeshi et al. in view of Mirkarimi et al. One would have been motivated to do 
this because MgO was a conventional substrate used with PZT material due to its 
similar lattice constant. 

6. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Takeshi 
et al. (Abstract JP81 86235) in view of Mirkarimi et al. '094, and further in view of 
Greenwald et al. '026. 

Takeshi et al. in view of Mirkarimi et al. teaches all the elements of the claim as 
set forth above, but the references do not explicitly disclose the substrate to be an a- 
AI2O3 single crystalline substrate having a plane (0001) on which the ferroelectric thin 
film is to be formed, or an a-Al203 single crystalline substrate having an offset angle 
from the plane (0001 ). Greenwald et al. discloses a ferroelectric capacitor device 
wherein the substrate is a-A^Os (fig. 1,10), which would inherently have a plane (0001 ) 
or a plane offset from (0001 ). It would have been obvious to one of ordinary skill in the 
art at the time the invention was made to use the a-Al203 substrate of Greenwald et al. 
in the method as taught by Takeshi et al. in view of Mirkarimi et al. One would have 
been motivated to do this because a-Al203 was a conventional substrate used with PZT 
material due to its similar lattice constant. 

7. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Takeshi 
et al. (Abstract JP81 86235) in view of Mirkarimi et al. '094, and further in view of 
Yamawaki et al. '774. 

Takeshi et al. in view of Mirkarimi et al. teaches all the elements of the claim as 
set forth above, but the references do not explicitly disclose the substrate to be 
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MgAl204. Yamawaki et al. discloses a ferroelectric capacitor device wherein the 
substrate is MgAl204 (fig. 4, 1 ). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to use the MgAl204 substrate of Yamawaki et 
al. in the method as taught by Takeshi et al. in view of Mirkarimi et al. One would have 
been motivated to do this because MgAl204was a conventional substrate used with 
PZT material due to its similar lattice constant. 

8. Claims 13-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Takeshi et al. (Abstract JP81 86235) in view of Mirkarimi et al. '094, and further in view 
of Li '254. 

Takeshi et al. in view of Mirkarimi et al. teaches all the elements of the claim as 
set forth above, but the references do not explicitly disclose the epitaxially forming the 
ferroelectric thin film through a buffer layer of MgO. Li teaches a method of epitaxially 
forming a ferroelectric thin film through a buffer layer of MgO. It would have been 
obvious to one of ordinary skill in the art at the time the invention was made to use the 
MgO buffer layer of Li in the method as taught by Takeshi et al. in view of Mirkarimi et 
al. One would have been motivated to do this because Li taught that a buffer layer 
provided excellent crystalline properties, such as high ohentational properties, and 
excellent surface flatness of the ferroelectric thin film due to the surface flatness of the 
underlying layers (Li, 1|[0024]), thus improving the performance of the device. 

Response to Arguments 

9. Applicant's arguments with respect to the rejection of claim 1 over Takeshi in 
view of Mirkarimi have been fully considered but they are not persuasive. Applicant 
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argues that Takeshi in view of Mirkarimi does not teach a ferroelectric single crystalline 
thin film. This argument is not persuasive because Mirkarimi teaches the ferroelectric 
thin film to comprise a rhombohedral unit cell, meaning the material is single crystalline. 
Allowable Subject Matter 

10. Claim 3 is objected to as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

1 1 . The following is a statement of reasons for the indication of allowable subject 
matter: a search of the prior art failed to disclose or reasonably suggest a method of 
producing a ferroelectric thin film capacitor comprising forming an electrically conducting 
thin film layer on a single crystalline substrate having through holes, forming, on said 
electrically conducting thin film layer, ferroelectric thin film containing Pb and having a 
plane (1 1 1 ) in parallel with the surface of the substrate, patterning said electhcally 
conducting thin film layer and said ferroelectric thin film layer to thereby form isolated 
ferroelectric thin films of a predetermined shape and one electrode of a capacitor of a 
predetermined shape, forming another electrode of the capacitor on said ferroelectric 
thin film, and forming part of a circuit of a semiconductor device so as to pass through 
the holes in said single crystalline substrate, to thereby fabricate a single crystalline 
substrate comprising a capacitor structure constituted by said ferroelectric thin film 
containing Pb and a pair of electrodes holding the ferroelectric thin film there between, 
as recited by claim 3. 
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Takeshi et al. (JP81 86235), Mirkarimi et al. '094, Adkisson et al. '202, Kim et al. 
'371, Greenwald et al. '026, Yamawaki et al. '774, Li '254 and Lee et al. '705 disclose a 
method of forming a ferroelectric thin film capacitor, but the references do not teach the 
limitations of claim 3 as discussed above. 

Conclusion 

12. Any Inquiry concerning this communication or earlier communications from the 
examiner should be directed to STEVEN J. FULK whose telephone number is (571)272- 
8323. The examiner can normally be reached on Monday through Friday, 9:00am- 
6:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Kiesha Rose can be reached on (571) 272-1844. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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1 3. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Steven J. Fulk/ 
Examiner, Art Unit 2891 



